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(54) Method for detecting misfire by fluctuation in crankshaft rotation 

(57) A method for detecting misfire by fluctuation in 
crankshaft rotation in which the occurrence of misfire can 
be detected exactly by eliminating the effect of detection 
error in detecting the fluctuation in crankshaft rotation, 
caused by the error in the construction of a crank angle 
sensor. By succeedingly receiving pulses from the crank 
angle sensor, a processor detects a time interval taken 
from the entering into a crankshaft rotation angle region, 
relating to a cylinder corresponding to both pulses, to the 
leaving theref rom i (S2), calculates the crankshaft angular 
acceleration Dco n by using the correction factor calcu- 
lated on the basis of the above detected time interval, 
and the time interval determined by dividing the time 
taken for one rotation of crankshaft by the number of cyl- 
inders (S3, S4), the latter interval being free from sensor 
error, and detects the occurrence of misfire when the cal- 
culated value Dco n is less than the decision value (S5 
through S7). 
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Description 

The present invention relates to a method for detecting misfire by the fluctuation in crankshaft rotation and more 
particularly, to a method for detecting misfire in which the occurrence of misfire can be detected exactly by eliminating 
the detection error in detecting the fluctuation in crankshaft rotation which detection error is caused by the error in the 
construction of a crank angle sensor 

If a misfire condition, in which combustion in a cylinder is not performed properly, occurs in the operation of an 
internal combustion engine due to the failure of fuel injector or the like, the exhaust gas characteristic or the like of the 
internal combustion engine is deteriorated. To combat this problem, the information corresponding to the number of 
revolutions or rotation speed is calculated on the basis of the period of each predetermined crank angle corresponding 
to each cylinder of an engine, and the misfire condition of engine is detected on the basis of the change amount or 
change rate of this information, as disclosed in Japanese Unexamined Patent Publication No. H2-49955, etc. According 
to Japanese Unexamined Patent Publication No. H2-49955, if misfire is detected on the basis of the deviation of the 
rotational angular velocity of the internal combustion engine from the rotational angular velocity before one firing as the 
reference angular velocity, that is, the rotational fluctuation, which is calculated for each firing interval in synchronization 
with the combustion stroke in the internal combustion engine, misfire cannot be detected exactly when random misfire 
occurs or when misfire occurs approximately once for several revolutions. In Japanese Unexamined Patent Publication 
No. H2-49955, therefore, the reference angular velocity is renewed as necessary. 

As described above, the period of the predetermined crank angle is detected by using a crank angle sensor. The 
crank angle sensor typically includes a rotating member which has a plurality of vanes or protrusions disposed at equal 
angular intervals and is mounted to the crankshaft for rotation in unison therewith, and a detecting portion which is so 
disposed as to face the rotating member and detects the passage of the vane. The vane of the rotating member protrudes 
in the radial direction at the periphery of the rotating member. The number of vanes corresponds to the number of engine 
cylinders; for example, the crank angle sensor for a 6-cyIinder engine has three vanes. With the crank angle sensor of 
such a construction, when the end of one of the adjacent vanes passes through the detecting portion as the engine 
rotates, the entering of crankshaft into the crankshaft rotational angle region corresponding to that vane is detected, and 
when the end of the other vane passes through the detecting portion, the leaving of crankshaft from that region is 
detected. Thus, the time interval from the time of entering the angle region to the time of leaving the region, that is, the 
period is detected. Further, the crankshaft rotational speed at the crankshaft rotational angle region is calculated on the 
basis of the detected period. Then, a determinination as to whether the misfire occurs is made based on the magnitude 
of the change in rotational speed. 

In such a method for detecting misfire, the accuracy in detecting period, that is, the accuracy in detecting misfire 
depends on the vane angle interval at the crank angle sensor, that is, the length in the vane circumferential direction. 
Nevertheless, an error in the construction of crank angle sensor, particularly an error in manufacturing and installing the 
vane, is inevitable, so that variations are produced in the vane angle intervals, thereby the accuracy in detecting misfire 
being decreased. When the vane angle interval is larger than the design value, the crankshaft rotation at this angle 
region requires much time. Therefore, it is sometimes judged by mistake that the crankshaft rotational speed has 
decreased at that angle region, so that the occurrence of misfire is detected by mistake. Such mistaken detection cannot 
be eliminated by, e.g., the technology of renewing the reference angular velocity which is disclosed in JP-A H2-49955. 

A system is proposed, in JP-A H4-1 01 071 or WO-A-9307479, which calculates a correction factor set to compensate 
errors of a sensor for detecting rotation information of an engine, for an occasion to detect the misfire detection in the 
engine based on the rotation information. 

In the prior art of this kind, the calculation and renewal of the correction factor are carried out in the same manner 
for all the operation regions for which the correction factor is employed. Since, in practice, a proper correction factor 
varies depending on the engine operating condition, a proper correction cannot be achieved in engine operating regions 
other than a particular engine operating region for which the correction is carried out properly with use of the correction 
factor calculated and renewed when the engine is operated in the particular region. Thus, the accuracy of the misfire 
detection for the regions other than the particular region is lowered. 

Contrary to this, the present invention is characterised in that a separate and independent correction factor for each 
of a plurality of operating regions classified by a predetermined operation parameter of the internal combustion engine 
is calculated, and each time a present operating region is determined, the correction factor for the present operating 
region is renewed, whereas the renewal of the correction factor for an operating region other than the present operating 
region is prohibited. 

By renewing the correction factors for the plural operating regions independently from one another, each of the 
correction factors become suitable to the operating region concerned, so that proper corrections based on the correction 
factors can be achieved for all the operating regions for which the respective correction factors are applied. 

An object of the present invention is to provide a method for detecting misfire by the fluctuation in crankshaft rotation, 
in which the occurrence/absence of misfire can be detected exactly by eliminating the effect of detection error, caused 
by the error in the construction of crank angle sensor, in detecting the fluctuation in crankshaft rotation. 
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To achieve the above obj^Mie present invention provides a method for dete^Anisf ire in which the time interval 
from the time point, detected t^Tcrank angle sensor, of entering the crankshaft iHronal angle region corresponding 
to the particular stroke phase of each cylinder of an internal combustion engine to the time point, detected by the crank 
angle sensor, of leaving that angle region is detected sequentially, and the occurrence of misfire is detected on the basis 
of the time interval. 

This method comprises the steps of calculating the correction factor for compensating the error in the construction 
of crank angle sensor, correcting the rotation information of internal combustion engine on the basis of the detected time 
interval by using a correction factor, and detecting the occurrence of misfire on the basis of the corrected rotation infor- 
mation of internal combustion engine. 

Preferably, the rotation information of internal combustion engine is an average angular acceleration of the crank- 
shaft. More preferably, the correction factor is repeatedly calculated on the basis of the time interval detected sequentially 
during the operation of internal combustion engine to renew the correction factor, and the average angular velocity of 
crankshaft is sequentially determined on the basis of the time interval. Thus, the average angular acceleration is calcu- 
lated sequentially on the basis of the time interval, the average angular velocity, and the correction factor. 

Preferably, when the internal combustion engine is operated in a particular operating condition where the load of 
internal combustion engine changes suddenly, or when a predetermined time has not elapsed from the start of internal 
combustion engine, the renewal of the correction factor is prohibited. More preferably, at least one of conditions where 
the internal engine is decelerated, where gear shift is performed by a transmission connected to the internal combustion 
engine, and where the vehicle on which the internal combustion engine is mounted is running on a rough road, is judged 
to be the particular operating condition. 

A separate and individual correction factor is calculated for each of a plurality of operating regions classified by the 
predetermined operation parameter of internal combustion engine, and the correction factor for the present operating 
region is renewed each time the present operating region is determined, whereas the renewal of the correction factor 
for the operating region other than the present operating region is prohibited. Preferably, the predetermined operation 
parameter is the rotation speed of internal combustion engine and/or the volumetric efficiency of internal combustion 
engine. The operating regions are classified by the rotation speed and volumetric efficiency of internal combustion engine 
which are the predetermined operation parameters. 

Preferably, when the calculated correction factor deviates from a predetermined allowable range, the maximum or 
minimum value corresponding to the allowable range is used as the correction factor in place of the calculated correction 
factor. More preferably, the upper and lower limit values of the allowable range correspond to the maximum allowable 
error in the construction of the crank angle sensor. Also, the calculated correction factor is stored in nonvolatile memory, 
and the correction factor read from the nonvolatile memory is used as the initial value of correction factor when the 
internal combustion engine is started. 

Preferably, the method for detecting misfire is carried out by using a crank angle sensor comprising a rotating body 
which rotates together with the crankshaft, a plurality of discriminating means which are installed at intervals in the 
circumferential direction on the rotating body to discriminate between the entering time and the leaving time, and a 
detecting portion which is disposed on the fixed member of internal combustion engine and which is operable to generate 
a detection signal each time each discriminating means approaches the detecting portion. The discriminating means of 
the crank angle sensor includes thef irst and second discriminating means for each cylinder. The time interval is detected 
by counting the interval between the first detection signal generated by the approach of the first discriminating means 
to the detecting portion and the second detection signal generated by the approach of the second discriminating means 
to the detecting portion. Further, the correction factor is calculated on the basis of the time interval and the rotation 
period of crankshaft including at least one of time points of occurrences of the first and second detection signals used 
for the detection of time interval. More preferably, the method for detectinjg misfire is applied to the multi-cylinder internal 
combustion engine in which a plurality of cylinders are subjected to explosion strokes sequentially at equal intervals 
during the rotation of crankshaft. In this case, the crank angle sensor is designed so that the second discriminating 
means for each cylinder functions as the first discriminating means for the next cylinder which is succeedingly subjected 
to explosion stroke. 

Preferably, the momentary correction factor information determined sequentially on the basis of the detected time 
interval and the rotation period of crankshaft during the operation of internal combustion engine is smoothed, and the 
rotation information of internal combustion engine is corrected by using this smoothed value. For example, the latest 
correction factor KLm(n) is calculated by using equations 

KLm(n) = a • KLm(n-1) + (1-a) ■ KLm 

and 



KLm = {A ■ Tm(n)}/T(n) 
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where a (0 =g a ^ 1) is a weighting fat^^nd KLm(n-1) is the previously calculated corre^Mactor. Further, A is the 
number of discriminating means instal^Bn the rotating body, Tm(n) is the latest detected t^Einterval, and T(n) is the 
latest rotation period of crankshaft. 

The method for detecting misfire in accordance with the present invention, having the above-described features, 
offers the following advantages. 

According to the present invention, the occurrence of misfire is detected on the basis of the rotation information of 
internal combustion engine corrected by the correction factor for compensating the error in the construction of crank 
angle sensor. This correction factor reflects the error of crank angle sensor, for example, the error in manufacturing and 
installing the vane. The error of crank angle sensor can be eliminated by correcting the rotation information of internal 
combustion engine by using this correction factor. As a result, the misfire detection error caused by the error in the 
construction of crank angle sensor can be eliminated, so that the occurrence/absence of misfire can be detected exactly. 

In a specific embodiment of the present invention, the average angular acceleration of crankshaft is determined as 
the rotation information of internal combustion engine. The angular acceleration of crankshaft varies by quickly respond- 
ing to the change in torque output of internal combustion engine. Calculating the average, the detection error produced 
in detecting individual angular acceleration can be offset with each other. Therefore, the misfire detection on the basis 
of the average angular acceleration of crankshaft has high response characteristic and reliability. 

In another embodiment of the present invention, in which a crank angle sensor is used which comprises a plurality 
of discriminating means including the first and second discriminating means and a detecting portion generating detection 
signal each time each discriminating means approaches the detecting portion, the time interval is detected by counting 
the interval of the first and second detection signals generating when the first and second discriminating means 
approaches the detecting portion. This detected time interval exactly represents the actual rotation state of crankshaft, 
and reflects the error in the construction of crank angle sensor. 

In this embodiment, the correction factor is determined on the basis of the detected time interval and the rotation 
period of crankshaft including the occurrence time of at least one of the first and second detection signals used for the 
detection. When the crankshaft rotates at a constant speed, the rotation period of crankshaft corresponds to the time 
interval detected by the crank angle sensor having no error due to the construction. Therefore, for example, when the 
ratio of rotation period of crankshaft to time interval is determined as a correction factor on the basis of the rotation 
period of crankshaft, corresponding to the time interval from which the effect of sensor error is removed, and the time 
interval which is actually detected and reflects the sensor error, the correction factor exactly represents the degree of 
sensor error. 

The rotation period of crankshaft is determined, for example, by summing up the time intervals detected sequentially 
during one rotation of crankshaft. In other words, the rotation period of crankshaft and in turn the correction factor can 
be determined during the operation of internal combustion engine on the basis of the output of crank angle sensor only. 
This saves labor for storing sensor error data, determined actually before the crank angle sensor is installed on the 
internal combustion engine and in turn the vehicle, into, for example, a controller of the vehicle. 

The crank angle sensor used with a multi-cylinder internal combustion engine to which a specific embodiment of 
the present invention is applied can be designed so that the second discriminating means for each cylinder functions 
as the first discriminating means for the next cylinder which is subjected to explosion stroke after the above cylinder. In 
this case, the time intervals relating to the cylinders can be detected sequentially by using a relatively small number of 
discriminating means. As a result, the crank angle sensor can be simplified in construction. 

According to another embodiment of the present invention, the momentary correction factor information which is 
sequentially determined on the basis of the detected time interval and the rotation period during the operation of internal 
combustion engine is smoothed. Thus, the error in determining individual correction factor information, for example the 
detection error of individual time interval, is offset. Therefore, the misfire detection based on the rotation information of 
internal combustion engine corrected by this smoothed value has high detecting accuracy. 

In a specific embodiment of the present invention, when the internal combustion engine is operated in a particular 
operating condition in which the load of internal combustion engine changes suddenly, or when a predetermined time 
has not elapsed from the start of internal combustion engine, the renewal of the correction factor is prohibited. This is 
because the crankshaft does not rotate at a constant speed in the particular operating condition of internal combustion 
engine or just after the start of engine; therefore, the correction factor exactly representing the sensor error cannot be 
determined from, e.g., the time interval and the rotation period of crankshaft detected by using a crank angle sensor. 
The prohibition against the renewal of correction factor in the particular operating condition of internal combustion engine 
or just after the start of engine prevents the occurrence of error in calculating the correction factor, thereby mistaken 
decision in detecting misfire being prevented. 

A specific embodiment of the present invention, in which separate and independent correction factor is calculated 
with respect to each of a plurality of operating regions classified by the predetermined operation parameter of internal 
combustion engine, is applied to the case where misfire detection effected by using the correction factor common to the 
entire operating region of internal combustion engine is inappropriate. In this embodiment, the correction factor is 
renewed for the present operating region each time the present operating region is decided, whereas the renewal of the 
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correction factor for the oper^^Bbgion other than the present operating region is^feiited. This makes the correction 
factor more suitable to the op^ting region or the operating condition of interna^Broustion engine. As a result, the 
error of crank angle sensor can be eliminated more satisfactorily, thereby the misfire detecting accuracy being improved. 

According to a specific embodiment of the present invention in which, for example, when the calculated correction 
factor deviates from a predetermined allowable range corresponding to the maximum allowable error in the construction 
of crank angle sensor, the maximum or minimum value of the correction factor is used in place of the calculated correction 
factor, the adverse effect caused by the error in calculating the correction factor can be eliminated even when the cor- 
rection factor cannot be calculated properly for any reason, for example, due to an error in detecting the time interval, 
thereby mistaken decision in detecting misfire being prevented. 

In a specific embodiment of the present invention in which the calculated correction factor is stored in nonvolatile 
memory, the correction factor read from the nonvolatile memory at the start of internal combustion engine is used as 
the initial value. Therefore, the correction factor can be made proper more quickly. That is to say, in order to obtain the 
correction factor which can properly correct the error of crank angle sensor, it is normally necessary to calculate the 
correction factor repeatedly to some extent. In this embodiment, the proper correction factor reflecting the result of 
repeated calculation is stored in memory at ail times. Therefore, this is read from the memory at the start of internal 
combustion engine and used as the initial value of the correction factor, by which misfire detection can be performed 
properly from the time just after the start of internal combustion engine. 



BRIEF DESCRIPTION OF THE DRAWING 



Fig. 1 is a schematic block diagram showing a detecting device for carrying out the method for detecting misfire in 
accordance with the present invention, 

Fig. 2 is a perspective view of a crank angle sensor in the detecting device shown in Fig. 1 , 

Fig. 3 is a flowchart showing a misfire detecting operation in accordance with a first embodiment of the present 

invention carried out by the controller shown in Fig. 1 , 

Fig. 4 is a flowchart showing part of misfire detecting operation in the method for detecting misfire in accordance 
with a second embodiment of the present invention, 

Fig. 5 is a flowchart showing another part of misfire detecting operation which is partly shown in Fig. 4, 
Fig. 6 is a flowchart showing the remainder of misfire detecting operation which is partly shown in Figs. 4 and 5, 
Fig. 7 is a graph showing an example of change in angular acceleration in the decelerating operating condition, 
Fig. 8 is a graph showing an example of change in angular acceleration in the gear shift operation, 
Fig. 9 is a graph showing an example of change in angular acceleration in rough road running, 
Fig. 10 is a chart showing a typical setting of engine operating regions relating to the method of the second embod- 
iment, 

Fig. 1 1 is a flowchart showing part of misfire detecting operation in the method for detecting misfire in accordance 
with a third embodiment of the present invention, 

Fig. 1 2 is a flowchart showing the remainder of misfire detecting operation which is partly shown in Fig. 1 1 , 

Fig. 13 is a flowchart showing part of misfire detecting operation in the method for detecting misfire in accordance 

with a fourth embodiment of the present invention, 

Fig. 1 4 is a flowchart showing another part of misfire detecting operation which is partly shown in Fig. 13, and 
Fig. 1 5 is a flowchart showing the remainder of misfire detecting operation which is partly shown in Figs. 1 3 and 14. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A method for detecting misfire by the fluctuation in crankshaft rotation in accordance with the first embodiment of 
the present invention will be described with reference to Figs. 1 through 3. 

A device for carrying out the method for detecting misfire in accordance with this embodiment is mounted on a multi- 
cylinder internal combustion engine, for example a 6-cyIinder engine (not shown), in which a plurality of cylinders are 
sequentially subjected to explosion strokes at equal time intervals during the rotation of crankshaft. The device includes 
a controller 10, a crank angle sensor 20, and cylinder discrimination sensor 30 as the main elements as shown in Fig. 1 . 

Referring to Fig. 2, the crank angle sensor 20 comprises a rotating member 21 functioning as a rotating body which 
rotates integrally with a crankshaft 1 of the engine, and a detecting portion 22 which is so installed as to face the rotating 
member 21 and disposed on a fixed member (not shown) of the engine. At the periphery of the rotating member 21 , 
first, second, and third vanes 21a, 21b, and 21c protruding in the crankshaft radial direction are formed as discriminating 
means, so that pulse output is generated as a detection signal when the passage of the vane 21 a, 21 b, or 21 c is optically 
or electromagnetically detected by the detecting portion 22. The first to third vane 21a, 21b, and 21c each have a cir- 
cumferential length corresponding to a predetermined rotation angle of crankshaft, and are disposed spacedly in the 
circumferential direction at predetermined angular intervals. Therefore, the angular interval between the corresponding 
ends (the first and second discriminating means for each cylinder) of the adjacent vanes is 120 degrees. Actually, how- 
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ever, because of an error in the cons^kn of crank angle sensor, particularly errors in ^fcacturing and installing 
the vanes 21a, 21b, and 21c, the angu^ferval between the ends of adjacent vanes is not Hiys 120 degrees exactly. 
Usually, there is an error of angular interval of about 1 degree or less. 

The cylinder discrimination sensor 30 is mounted to a camshaft (not shown) for rotation in unison therewith so that 
pulse output is generated each time the camshaft passes a particular rotating position corresponding to one cylinder 
while the crankshaft 1 rotates two turns and the camshaft rotates one turn. 

The controller 10 functions as a main element of the misfire detecting device, and performs various normal engine 
control operations. It has a processor 1 1 for executing various control programs, read only memory 12 for storing the 
control programs, and random access memory 13 for temporarily storing data. The memory 13 has an nonvolatile mem- 
ory region backed up by a battery (not shown). The processor 1 1 is connected, via an input circuit 14, to various sensors 
and switches (partially not shown) such as the crank angle sensor 20. the cylinder discrimination sensor 30. an ignition 
switch 40, a suction air amount sensor, a suction air temperature sensor, and a water temperature sensor. It is also 
connected, via an output circuit 15, to various driving circuits (the circuits corresponding to elements 50 and 60 only are 
shown by reference numerals 51 and 61 ) for driving various actuators, including a fuel injection valve 50, an alarm lamp 
60 and the like. In Fig. 1 , reference numeral 70 denotes a throttle position sensor which is used in another embodiment 
described later. The sensor 70 is connected to the processor 1 1 via the input circuit 14. 

With the device of this embodiment which is mounted on a 6-cylinder engine in which firing operation is performed 
in the order of cylinder number, for example, when the end (front end 21 c" or rear end constituting the first discriminating 
means) of the third vane 21c passes through the detecting portion 22, the crankshaft enters a first crankshaft rotation 
angle region corresponding to either one of the first and fourth cylinders (preferably the explosion stroke mainly in the 
one cylinder), which cylinders belong to a first cylinder group, and when the end (the second discriminating means) of 
the first vane 21a passes through the detecting portion 22, the crankshaft leaves the first rotation angle region. Likewise 
when the end of the first vane 21 a passes through the detecting portion 22, the crankshaft enters a second crankshaft 
rotation angle region corresponding to either one of the second and fifth cylinders, which belong to a second cylinder 
group, and when the end of the second vane 21b passes through the detecting portion 22, the crankshaft leaves the 
second rotation angle region. Further, when the end of the second vane 21b passes through the detecting portion 22, 
the crankshaft enters a third crankshaft rotation angle region corresponding to either one of the third and sixth cylinders 
which belong to a third cylinder group, and when the end of the third vane 21 c passes through the detecting portion 22^ 
the crankshaft leaves the third rotation angle region. The discrimination between the first and fourth cylinders, the dis- 
crimination between the second and fifth cylinders, and the discrimination between the third and sixth cylinders are 
performed on the basis of the output of the cylinder discrimination sensor 30. When the detecting portion 22 generates 
a first detection signal when the first discriminating means (for example, the associated end of the third vane 21c) 
approaches the detecting portion, and generates a second detection signal when the second discriminating means 
approaches the detecting portion. In this embodiment applied to a 6-cylinder engine in which a plurality of cylinders are 
sequentially subjected to explosion strokes at equal time intervals during the rotation of crankshaft, the second discrim- 
inating means for each cylinder functions as the first discriminating means for the next cylinder which is subjected to 
explosion stroke after the above cylinder. 

The operation of a misfire detecting device of the above construction will be described below. 

During the engine operation, the processor 1 1 periodically repeats the misfire detecting operation shown in Fig. 3 
while sequentially receiving the pulse output from the crank angle sensor 20 and the pulse output from the cylinder 
discrimination sensor 30. 

The processor 1 1 starts the misfire detecting operation each time it receives the pulse output from the crank angle 
sensor 20. 

At each detection cycle, the processor 11 first determines the oider or sequential number of the pulse output of 
crank angle sensor among the pulse outputs of crank angle sensor sequentially received after receiving the pulse output 
from the cylinder discrimination sensor 30. Thus, the sequential number of the cylinder corresponding to the received 
pulse output of crank angle sensor is determined (Step 81). Preferably, the cylinder which is executing an explosion 
stroke (output stroke) at the present time is determined as the determined cylinder. 

When the processor 1 1 decides the entering into the crankshaft rotation angle region corresponding to the deter- 
mined cylinder group m (m is 1 , 2, or 3) according to the receipt of the pulse output (a first detection signal) of crank 
angle sensor 20. it restarts a period measuring timer (not shown). The determined cylinder group m includes the cylinder 
determined in Step S1. 

When receiving the next pulse output (a second detection signal) from the crank angle sensor 20. the processor 1 1 
decides the leaving from the crankshaft rotation angle region corresponding to the determined cylinder group m. stops 
the time counting operation of the period measuring timer, and reads the result of time counting (Step S2). This result 
of time counting represents the time interval Tm(n) from the time of entering into the crankshaft rotation angle region 
corresponding to the determined cylinder group m to the time of leaving from that region, that is, the period Tm(n) which 
is defined by two predetermined crank angles corresponding to the determined cylinder group. Here, the subscript n in 
the period Tm(n) indicates that the concerned period corresponds to the n th firing operation in the determined cylinder. 
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The period Tm(n) is the perio^^fteen 1 20-degree crank angles in the determined^^ier group in a 6-cylinder engine. 
More commonly, it is the periotroetween (720/N) degree crank angles in an N-cyllBr engine. 

The above pulse output representing the leaving from the crankshaft rotation angle region corresponding to the 
determined cylinder in the present cycle also represents the entering into the crankshaft rotation angle region corre- 
5 sponding to the next determined cylinder. Therefore, the cylinder determining step S1 for the next determined cylinder 
is executed according to this pulse output, and the period measuring timer is restarted to start the period measurement 
for the next determined cylinder. 

Relating to the determined cylinder in the present cycle, the processor 1 1 calculates a correction factor KLm(n) 
relating to the determined cylinder group m using the equation KLm(n) = a ■ KLm(n-1) + (1 -a) ■ KLm to eliminate 
10 the period measurement error due to the variations in the vane angle intervals in manufacturing vanes (Step S3). That 
is to say, the renewal (learning) of the correction factor is performed. Here, the symbol a is a filter constant stored in the 
memory 12 in advance, and takes a value not less than 0 and not more than 1. The symbol KLm(n-1) denotes the 
correction factor relating to the determined cylinder group m which is calculated in the previous detection cycle and 
stored in the memory 1 3. The symbol KLm denotes a value calculated from the equation KLm = Tm(n) + (T(n)/3) . Here, 
15 the symbol Tm(n) denotes the period between 1 20-degree crank angles detected this time for the determined cylinder 
group. The symbol T(n) denotes the sum of the periods between 1 20-degree crank angles of the first to third cylinder 
groups successively measured in the previous two cycles and in the present detection cycle, that is, the period between 
360-degree crank angles (T(n) = T1(n) + T2(n) + T3(n)) . If the engine speed is constant, the value of the period between 
360-degree crank angles divided by the value 3, T(n)/3, is equal to the exact period between 1 20<iegree crank angles 
20 in the case where there is no error of the vane angle interval. Therefore, the calculated value KLm indicates the ratio of 
the period between 120<legree crank angles for the determined cylinder group m to the exact period between 1 20- 
degree crank angles. 

In other words, the correction factor KLm(n) is determined as momentary correction factor information on the basis 
of the detection time interval Tm(n) and the rotation period T(n) of crankshaft including the time when either or both of 
25 the first and second detection signals used in detecting the detection time interval. Further, the momentary correction 
factor information sequentially determined in this manner on the basis of the detection time interval and the crankshaft 
rotation period is smoothed. 

Further, from the period between 1 20-degree crank T n (= Tm(n)) measured in Step S2 of the present detection 
cycle, the processor 1 1 calculates the average angular velocity co n (= 1 20 degree / T n ) of the crankshaft at this period. 

30 Then, the processor reads the average angular velocity co^ which is measured in the previous detection cycle and 
stored in the memory 13. Next, the processor 1 1 calculates the average angular acceleration Deo of crankshaft at the 
period between 1 20-degree crank of the present detection cycle from the equation 
Deo = KLm(n) • (co n - co^) {(1/2) ■ (T n + T^.,)} using the measured values T n , T^, the calculated values co n , 
co n . 1f and the correction factor KLm(n) calculated in Step S3 (Step S4). Here, the symbol D is a differential operator 

35 symbol denoting d/dt. Thus, the angular acceleration of crankshaft is determined on the basis of the measurement period 
corrected by using the correction factor KLm(n). 

Then, the processor 1 1 compares the average angular acceleration Dco n representing the fluctuation in crankshaft 
rotation and calculated in Step S4 with a decision value for deciding misfire which is stored in the memory 12 in advance, 
to determine a magnitude relation therebetween, to thereby detect the occurrence/absence of misfire in the determined 

40 cylinder (Step S5). The decision value is set to a negative value. If it is decided that the calculated value Dcop is lower 
than the decision value, the processor 1 1 sends a drive signal of, for example, H level to a lamp driving circuit 61 to turn 
on an alarm lamp 60, by which a warning is given to tell that misfire has occurred in the determined cylinder (Step S6). 
Further, the occurrence of misfire in the cylinder determined in Step S1 is stored in the memory 13 (Step S7). If it is 
decided in Step S5 that the average angular acceleration Dco n of crankshaft is equal to or higher than the decision value, 

45 the processor 1 1 sends a drive signal of, for example, L level to turn off the alarm lamp 60, by which a warning is given 
to tell that misfire has not occurred in the determined cylinder (Step S8). The above-described misfire detection based 
on the corrected period is exact without subjecting to the effect of vane angle interval error. 

After the misfiring cylinder is stored in Step S7 or the alarm lamp turns off in Step S8, the processor 1 1 waits until 
the next pulse output from the crank angle sensor 20 is received. Upon the receipt of pulse output, the processor 1 1 

so restarts the detecting operation shown in Fig. 3. 

A method for detecting misfire in accordance with a second embodiment of the present invention will be described 
below with reference to Figs. 4 through 6. 

This embodiment is characterized mainly in that the calculation and renewal (learning) of the correction factor are 
prohibited when the engine is operated in an operating condition other than the condition in which the correction factor 

55 can be calculated properly. Further, the embodiment is characterized in that a suitable value is used in place of the 
calculated value when the calculated correction factor deviates from its allowable range, and the stored value of correction 
factor is used as the initial value of correction factor at the start of engine. The method of this embodiment can be carried 
out by using the device shown in Figs. 1 and 2 in accordance with the first embodiment described above; therefore, the 
. explanation of the device is omitted. 
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During the engine operation, the ^fcpor 1 1 periodically repeats the misfire detectin^^ation shown in Figs. 4 
through 6 while sequentially receivincj^Rbulse output from the crank angle sensor 20 ancPfle pulse output from the 
cylinder discrimination sensor 30. Specifically, the processor 1 1 starts the misfire detecting operation cycle each time it 
receives the pulse output representing the entering into the crankshaft rotation angle region corresponding to the present 
detection cycle. In each detection cycle, the processor 1 1 sequentially executes the determination of cylinder and the 
measurement of period between predetermined crank angles in Steps S1 1 and S12 corresponding to Steps S1 and S2 
in Fig. 3, respectively. Next, the processor 1 1 decides whether the engine is being started or in the state immediately 
after the start or not (Step S1 3). If it is decided that the engine is being started or in the state immediately after the start, 
the processor 1 1 prohibits the calculation and renewal of the correction factor and in turn the detection of misfire in the 
present detection cycle. 

The reason for this will be explained. In the later<Jescribed correction factor calculation step S20 (Fig. 5) corre- 
sponding to Step S3 in Fig. 3 in accordance with the first embodiment described above, the value obtained by dividing 
the sum of the periods between 120-degree crank angles of the first to third cylinder group, that is, the period between 
360-degree crank angles, by 3 is used as the exact period between 120<legree crank angles. However, in order to use 
the value of the sum of three periods between 120-degree crank angles divided by 3 as the exact period between 120- 
degree crank angles, the engine speed needs to be substantially constant. When the engine speed changes suddenly 
as when the engine is being started or in the state immediately after the start, this need is not met. In such a case, the 
calculation and renewal of correction factor and the detection of misfire are prohibited in this embodiment. 

If it is not decided in Step S1 3 that the engine is being started or in the state immediately after the start, the processor 
1 1 decides whether or not the ignition key 40 is turned off or immediately after turning off (Step S1 4). Immediately after 
the ignition key is turned off, the coasting operation of engine is performed for a while, and the controller 1 0 and various 
sensors are not deenergized. During the coasting operation of engine, the engine speed decreases rapidly, so that the 
correction factor cannot be determined exactly. Therefore, proper detection of misfire cannot be performed. For this 
reason, in this embodiment, the calculation and renewal of correction factor and the detection of misfire are prohibited 
when the ignition key is turned off or immediately after turning off. 

Further, the processor 1 1 decides whether the engine is in decelerating operation or not (Step S1 5). If it is decided 
that the engine is in decelerating operation, the detecting operation in the present cycle is immediately terminated. The 
calculation and renewal of correction factor and the detection of misfire are prohibited in the decelerating operating 
condition in which errors in calculating the correction factor and in detecting misfire are prone to occur because the 
angular acceleration (corresponding to the average angular acceleration Deo in this embodiment) increases greatly on 
the negative side as shown as section A in Fig. 7. If it is decided that the engine is not in decelerating operation, the 
processor 1 1 decides whether gear shift is being performed by a transmission (not shown) connected to the engine or 
not (Step S1 6). 

If it is decided that gear shift is being performed, the processor 1 1 terminates the detecting operation in the present 
cycle. The calculation and renewal of correction factor and the detection of misfire are prohibited during clutch engage- 
ment by manual transmission (more commonly, during gear shift by transmission) in which errors in calculating the 
correction factor and in detecting misfire are prone to occur because the angular acceleration increases greatly on the 
negative side as shown as section B in Fig. 8. In Fig. 8, section C represents a decelerating operating condition before 
clutch engagement. If it is decided that gear shift is not being performed, the processor 1 1 decides whether the vehicle 
on which the engine is mounted is running on a rough road or not (Step S1 7). 

If it is decided that the vehicle is running on a rough road, the processor 1 1 terminates the detecting operation in 
the present cycle, and prohibits the calculation and renewal of correction factor and the detection of misfire during the 
running on a rough road, during which errors in calculating the correction factor and in detecting misfire are prone to 
occur because the angular acceleration greatly fluctuates on both positive and negative sides as shown in Fig. 9. In Fig. 
9, at the time points to which triangular marks are attached, the angular acceleration decreases greatly due to misfire 
occurring actually. 

If it is decided that the vehicle is not running on a rough road, that is, if the decision results in Steps S13 through 
S1 7 are No, The processor 1 1 calculates the volumetric efficiency ti v and the engine speed N as predetermined operation 
parameters, and decides which of nine operating regions I through IX classified by rjv and N as shown by way of example 
in Fig. 10 the present engine operating region corresponds to (Step S18). Next, the processor 1 1 decides whether or 
not the occurrence of misfire is being decided or has just been decided (Step S1 9). 

If it is not decided in Step S19 that misfire is being decided or has just been decided, the processor 1 1 calculates 
the correction factor KLmi(n) relating to the determined cylinder group m and the present engine operating region 
i(=l, II, • • ■ or IX) by using the equation KLmi(n) = a • KLmi(n-1) + (1 - a) • KLmi in Step S20 correspond- 
ing to Step S3 in Fig. 3. In this embodiment, as indicated by the subscript i, the separate and independent correction 
factor KLmi is used for each of nine engine operating regions. 

Then, the processor 1 1 compares the correction factor KLmi(n) calculated in Step S20 with a set value which cor- 
responds to the maximum allowable error in the construction of crank angle sensor and which is stored in advance in 
the read only memory 12 or the nonvolatile memory region of the random access memory 1 3 (Step S21). The set value 
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is set as the allowable maxir^^p&lue of correction factor in advance in view of j^^^ximum allowable values in the 
design and manufacture of devBe such as errors in manufacturing the vane, errors^Bstalling the vane, errors in install- 
ing the crank angle sensor, and errors of crank angle sensor output. Regarding the vane angle interval, the correction 
factor for compensating the vane angle interval error is the maximum when the vane angle interval error is equal to the 
5 maximum allowable value. The maximum allowable vane angle interval error is determined when the maximum allowable 
vane manufacturing error and the maximum allowable vane installing error are determined. Consequently, if the maximum 
allowable vane manufacturing error and the maximum allowable vane installing error are determined, the maximum 
value of correction factor or the above set value can be determined. 

If it is decided that the correction factor KLmi(n) calculated in Step S20 is larger than the set value set from the 
10 viewpoint described above, the processor 1 1 sets the set value as the correction factor KLmi(n) in place of the calculated 
correction factor (Step S22). Specifically, when the calculated value of the correction factor KLmi(n) exceeds the set 
value which is equal to the upper limit value of correction factor, the processor 1 1 , judging that the correction factor could 
not be calculated correctly because of an error occurring, e.g., in period measurement in Step S12, forcedly prohibits 
the use of calculated correction factor. 
75 Following Step S22, or if it is decided in Step S21 that the calculated correction factor KLmi(n) is equal to or less 
than the set value and hence the correction factor is calculated correctly, the processor 1 1 stores the correction factor 
KLmi(n), calculated in Step S20 or set in Step S22, in the nonvolatile memory region of random access memory 13 
(Step S23). Thus, only the correction factor KLmi(n) for the present engine operating region is renewed. That is to say, 
the renewal of correction factor for operating regions other than the present engine operating region is prohibited. Next, 
20 the processor 1 1 calculates the average angular acceleration Dcop of crankshaft at the period between 120-degree crank 
angles in the present detecting cycle from the equation D© n = KLmi(n) ■ (co n - co^) + {(1/2) • (T n + T^)} (Step 
S24). 

If it is decided in Step S19 that misfire is being decided or has just been decided, the processor 1 1 , judging that the 
engine rotation fluctuates due to the occurrence of misfire, immediately executes the average angular acceleration cal- 
25 culating step S24 without executing the correction factor calculating step S20 and other steps. In this case, the processor 
1 1 calculates the average angular acceleration Dcop by using the latest correction factor KLmi which is calculated in the 
previous cycle and stored in the nonvolatile memory region of memory 13. Incidentally, the correction factor KLmi used 
in calculating the angular acceleration relates to the determined cylinder group m and the present engine operating 
region i. 

30 Next, the processor 1 1 compares, in Step 25 corresponding to Step S5 in Fig. 3, the average angular acceleration 
D© n with a decision value for detecting misfire which is stored in the memory 12 in advance. Further, according to the 
decision result, the processor 1 1 executes the alarm lamp turning-on step 26 and the misfiring cylinder storing step 27 
corresponding to Steps S6 and S7, respectively, or the alarm lamp turning-off step 28 corresponding to Step S8. Then, 
the processor 1 1 terminates the detecting operation in the present cycle. 

35 During engine operation, the correction factor is calculated and renewed repeatedly, and the latest calculated cor- 
rection factor is stored in the nonvolatile memory region of the memory 13. After that, if the engine once stopped is 
restarted, the processor 1 1 uses the correction factor read from the memory 1 3 as the initial value of correction factor 
in calculating the correction factor when the engine is restarted (however, when the cycle immediately after the decision 
result in Step S13 becomes No is executed). Thus, a proper correction factor can be obtained even in the initial stage 

40 after engine start. 

A method for detecting misfire in accordance with a third embodiment of the present invention will be described 
below with reference to Figs. 1 1 and 12. 

This embodiment is characterized mainly by the method of rough road decision, and differs from the above second 
embodiment in that the common correction factor is used for all engine operating regions, that the magnitude of calculated 
45 correction factor is not regulated, and that the calculated correction factor is not stored. The method of this embodiment 
can be carried out by using the device shown in Figs. 1 and 2; therefore, the explanation of the device is omitted. 

In each cycle of misfire detecting operation executed repeatedly (Figs. 1 1 and 12), the processor 1 1 sequentially 
executes the cylinder determining step S1 01 and the period measuring step S1 02 corresponding to Steps S1 1 and S1 2 
in Fig. 4. Next, the processor 1 1 compares the elapsed time TIM1 determined by referring to a first timer (not shown) 
so for counting the elapsed time TIM1 from the engine start with a first set value, to decide whether the engine is being 
started or in the state immediately after engine start or not (Step S103). This set value is set to a value (10 seconds to 
30 seconds) slightly higher than the time which is usually necessary to reach the constant rotating condition of engine 
from the engine start. Incidentally, the first timer is restarted under the control of processor 1 1 when the ignition key 40 
is switched from the off position to the on position to start the engine (at the engine start). To simplify the illustration, the 
55 illustration of control procedure relating to this is omitted. 

If it is decided in Step 1 03 that the elapsed time TIM1 is equal to or more than the set value and the engine is not 
in the state immediately after engine start, the processor 1 1 compares the elapsed time TIM2 determined by referring 
to a second timer (not shown) for counting the elapsed time TIM2 from the ignition key turning off time with a second 
set value, to decide whether or not the ignition key 40 is turned off or immediately after turning off (Step S1 04). Although 
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the illustration is omitted, the second^^for counting the elapsed time TIM2 is restartei^Bi the ignition key 40 is 

switched from the on position to the J^^ition. The second set value is set to a value slign^higher than time which 
is usually necessary, from the ignition turning off time, to reach the condition where the engine rotation is stopped and 
the controller 10 is deenergized so that the calculation and renewal of correction factor and the detection of misfire are 
not performed by the controller. 

If it is decided in Step S103 that the elapsed time TIM1 from the engine start is less than the first set value and the 
engine is in the state immediately after engine start, or if it is decided in Step S104 that the elapsed time TIM2 from the 
ignition key turning off time is less than the second set value and the condition is immediately after turning off of ignition 
key, the detecting operation in the present cycle is immediately terminated. Thus, the calculation and renewal of correction 
factor and the detection of misfire at the engine start are prohibited. 

After it is decided in Step S103 that the engine is not in the state immediately after engine start, if it is decided in 
Step S104 that the elapsed time TIM2 is equal to or more than the second set time and the condition is not immediately 
after turning off of ignition key, the processor 1 1 first detects the engine load condition on the basis of the detection 
output of an air flow sensor, a suction air negative pressure sensor, a throttle sensor and the like. In this embodiment, 
the volumetric efficiency r\v of engine representing the engine load condition is calculated. When the air flow sensor is 
used for detecting the engine load condition, the processor 1 1 determines the suction air amount per one suction stroke 
A/N, and determines dimensionless value corresponding to the volumetric efficiency by dividing this A/N by full open 
A/N in the same rotating condition. Next, the processor 1 1 compares the volumetric efficiency thus calculated with a 
third set value (for example 18%) corresponding to the volumetric efficiency representing the decelerating operating 
condition of the engine, to decide whether the engine is in the decelerating operating condition or not (Step S105). If it 
is decided in Step S1 05 that the calculated value of volumetric efficiency x\v is equal to or more than the third set value 
and the engine is not in the decelerating operating condition, the processor 1 1 compares the elapsed time TIM3 from 
the time of entering into the decelerating condition determined by referring to a third timer (not shown) with a fourth set 
value corresponding to the time which is usually necessary to reach the finish of gear shift from the entering into the 
decelerating operating condition (Step S1 06). If it is decided in Step S1 06 that the elapsed time TIM3 is equal to or more 
than the fourth set value and gear shift is not being performed, the processor 1 1 compares the elapsed time TIM4 from 
the time point of rough road running decision determined by referring to a fourth timer (not shown) with a fifth set value 
representing the prohibition time of the calculation and renewal of correction factor and the detection of misfire in relation 
to rough road running (Step S107). 

If it is decided in Step S1 07 that the elapsed time TIM4 is equal to or more than the fifth set value and the prohibition 
time has already elapsed, the processor 11 sequentially executes Steps S108 through S110 corresponding to Steps 
S19, S20, and S24 in Fig. 5, respectively. Describing briefly, the processor 11 determines the elapsed time TIM5 from 
the misfire detection time by referring to a fifth timer (not shown) which is restarted when the occurrence of misfire is 
decided as described later, and compares the elapsed time TIM5 with a sixth set value representing the prohibition time 
of the calculation and renewal of correction factor in relation to the occurrence of misfire (Step S108). If it is decided in 
Step S1 08 that the elapsed time TIM5 is equal to or more than the sixth set value and the prohibition time of the calculation 
and renewal of correction factor has already elapsed, the processor 1 1 calculates the correction factor KLm(n) relating 
to the cylinder group m determined in the present cycle to renew the correction factor, and then calculates the average 
angular acceleration D© n of the crankshaft at the period between 1 20-degree crank angles in the present detection cycle 
(Steps S1 09 and S1 1 0). If it is decided in Step S1 08 that the elapsed time TIM5 is less than the sixth set value and the 
prohibition time of the calculation and renewal of correction factor has not yet elapsed, the processor 1 1 immediately 
executes Step S1 1 0 without executing Step S1 09. 

If it is decided in Step S105 that the calculated value of volumetric efficiency r\v is less than the set value and the 
engine is run in the decelerating operating condition, the processor 1 1 restarts the third timer for counting the elapsed 
time from the entering into the decelerating operating condition (Step S1 1 1), resets the flag F RR to a value "0" repre- 
senting that the rough road judgment decision is not being executed (Step S1 12), and then immediately terminates the 
detecting operation in the present cycle. That is to say, the calculation and renewal of correction factor and the detection 
of misfire are prohibited in the decelerating operating condition. 

If it is decided in Step S106 that the elapsed time TIM3 from the time of entering into the decelerating operating 
condition is less than the fourth set value and the gear shift is being performed, the processor 1 1 terminates the detecting 
operation in the present cycle, by which the calculation and renewal of correction factor and the detection of misfire are 
prohibited when the gear shift is performed. If it is decided in Step S107 that the elapsed time TIM4 from the moment 
when rough road running is detected is less than the fifth set value and the prohibition time of the calculation and renewal 
of correction factor and the detection of misfire has not yet elapsed in relation to rough road running, the processor 1 1 
immediately terminates the detecting operation in the present cycle, and prohibits the calculation and renewal of cor- 
rection factor and the detection of misfire. 

When the occurrence/absence of misfire is to be detected following the calculation and renewal of correction factor, 
the processor 1 1 , after calculating the average angular acceleration Dco n in Step S1 1 0, decides whether or not the flag 
F RR has the value T representing that the rough road running judgment is being performed (Step S1 13). If it is decided 
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in Step Si 13 that the value is not equal to 1 , that is, the rough road runn^^pigment is not being performed, 

the processor 1 1 compares thWalculated angular acceleration Dco n with the misfwMetection level (detection criterion) 
TH MF (< 0) (Step S114). If the angular acceleration Do^ is equal to or more than the misfire detection level TH MB the 
alarm lamp 60 is turned off in Step S1 1 5 corresponding to Step S28 in Fig. 6. If it is decided in Step S1 1 4 that the angular 
acceleration Da^ is less than the misfire detection level TH MF and there is a high possibility of occurrence of misfire, the 
processor 11 temporarily stores the occurrence of misfire for the misfire detection cylinder determined in Step S101 
(Step S1 16). 

Next, in order to decide whether the misf ire condition decided in Step S1 1 4 is due to the, effect of rough road running 
of vehicle or not, the rough road running judgment is started. Therefore, the processor 1 1 restarts a sixth timer for 
counting the elapsed time TIM6 from the start of the rough road running judgment (Step S1 1 7), sets the flag F RR to the 
value "1" representing that the rough road running judgment is being performed (Step S1 18), and then terminates the 
detecting operation in the present cycle. 

In the misfire detection cycle immediately after the start of the above-described rough road running judgment, the 
processor 11 decides that the value of flag F RR is "1" in Step S1 13 following the above series of Steps S101 through 
S1 10. In this case, the processor 1 1 compares the elapsed time TIM6 from the start of rough road running judgment 
with a seventh set time representing the required time from the start to the end of rough road running judgment (Step 
S1 19). If it is decided in Step S1 19 that the elapsed time TIM6 is less than the seventh set value and the rough road 
running judgment time has not yet elapsed, the processor 1 1 compares the average angular acceleration D© n calculated 
in Step S110 with the rough road decision level TH RR (> 0) (Step S120). The processor 11 judges that the vehicle is 
running on a rough road if the calculated angular acceleration Dco n is higher than the rough road decision level TH RR . 

If it is decided in Step S120 that the vehicle is running on a rough road, the processor 1 1 resets the flag F RR to the 
value "0" representing that the rough road running judgment is not being performed (Step S1 21 ), and restarts the fourth 
timer for counting the elapsed time TIM4 from the time of rough road running decision (Step S1 22). Then, the processor 
1 1 , judging that the temporary misfire detection in Step S1 16 in the previous detection cycle is affected by rough road 
running, cancels the temporary storage of misfire detection cylinder (Step S123). Thus, the detecting operation in the 
present cycle is terminated. 

During the rough road running judgment, if the angular acceleration Do^ is equal to or less than the rough road 
decision level TH RR and it is not decided that the vehicle is running on a rough road, the misfire detecting operation in 
the present cycle is immediately terminated. According to such a deciding method, the misfiring condition occurring 
during the rough road running judgment is ignored. Therefore, when it is not decided in Step S120 that the vehicle is 
running on a rough road, the occurrence/absence of misfire condition may be decided separately. 

If it is decided in Step S1 19 that the elapsed time TIM6 from the start of rough road running judgment is equal to 
or more than the seventh set value and the rough road running judgment time has already elapsed, while the above- 
described rough road running judgment is repeated, the processor 1 1 resets the flag F RR to the value "0" representing 
that the rough road running judgment is not being performed (Step S1 24), and then turns on the alarm lamp 60 in Steps 
1 25 and S1 26 corresponding to Steps S26 and S27 in Fig. 6. The processor 1 1 , judging that misfire detection stored 
temporarily in Step S1 1 6 in the previous detection cycle is not affected by rough road running, definitely stores the misfire 
detection cylinder. Then, the processor 1 1 restarts the fifth timer for counting the elapsed time from the time of misfire 
detection (Step S127), and terminates the detecting operation in the present cycle. 

According to the procedure shown in Figs. 1 1 and 1 2, the decelerating operating condition, the gear shift, the rough 
road running and the like can be conveniently decided without special hardware. 

A method for detecting misfire in accordance with a fourth embodiment of the present invention will be described 
below with reference to Figs. 13 through 15. 

The method for detecting misfire in accordance with this embodiment is characterized mainly in that the rough road 
running judgment is performed by a procedure different from that shown in Figs. 1 1 and 1 2 and on the basis of the output 
from the throttle position sensor (denoted by reference numeral 70 in Fig. 1). The method of this embodiment can be 
carried out by using the detecting device shown in Figs. 1 and 2; therefore, the explanation of the device is omitted. 

As shown in Figs. 13 through 15, in each cycle of misfire detecting operation performed by the method of this 
embodiment, the processor 10 sequentially executes Steps S201 through S204 corresponding to Steps S101 through 
S104 in Fig. 1 1 , respectively. If it is decided in Step S203 that the elapsed time TIM1 1 determined by referring to a first 
timer for counting the elapsed time TIM1 1 from the engine start is less than a first set value, or if it is decided in Step 
S204 that the elapsed time TIM12 determined by referring to a second timer for counting the elapsed time TIM12 from 
the ignition key turning off time is less than a second set value, the processor 1 1 immediately terminates the detecting 
operation in the present cycle, by which errors in calculating the correction factor and in detecting misfire are prevented 
when the engine is started or when the ignition key is turned off. 

If it is decided in Steps S203 and S204 that the elapsed times TIM1 1 and TIM12 are equal to or more than the set 
value and the engine is not being started and the ignition key is not being turning off, the processor 1 1 reads the output 
TPS of the throttle position sensor 70, and reads, from the memory, the throttle position sensor output TPS which has 
been read in the previous cycle and stored in the memory 1 3. Further, the processor 1 1 calculates the change in throttle 
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position from the throttle position in tj^^vious cycle to the throttle position in the pres^Hble, that is, the sensor 
output change rate ATPS representin^^fchange rate in throttle position. Then the processor! compares the sensor 
output change rate ATPS with a third set value TH TP (TH TP < 0) to decide whether the engine is being operated in the 
decelerating condition or not (Step S205). To decide the start of decelerating operation, the change rate of actual load 
level detected by another engine load condition detecting sensor such as an air flow sensor or a suction air negative 
pressure sensor may be used in place of the throttle sensor output (change rate ATPS). 

If it is decided in Step S205 that the throttle position sensor output change rate ATPS is less than the set value TH TP 
and the engine is operated in the decelerating condition, the processor 1 1 restarts the third timer which counts the 
elapsed time TIM13 from the time when the engine starts decelerating operation or from the time when the rough road 
running is decided (Step S220 in Fig. 15), and terminates the detecting operation in the present cycle. 

If it is decided in Step S205 that the sensor output change rate ATPS is equal to or more than the set value TH TP 
and the engine is not in the decelerating operating condition, the processor 1 1 compares the elapsed time TIM13 from 
the time when the engine starts decelerating operation or from the time when the rough road running is decided, which 
is determined by referring to the third timer, with a fourth set value TH T13 representing the prohibition time of the calcu- 
lation and renewal of correction factor and the detection of misfire (Step S206). The processor 1 1 immediately terminates 
the detecting operation in the present cycle if the elapsed time TIM13 is less than the value TH T13 and the prohibition 
time has not yet elapsed, whereas the processor 1 1 compares the value of rough road judgment flag F RR with the value 
"0" if the prohibition time has already elapsed (Step S207). 

If the value of flag F RR is "0" representing that the rough road running judgment is not being performed, the processor 
1 1 reads from the memory the throttle position sensor outputs TPS which have been read in the previous and present 
cycles and stored in the memory 13, and calculates the sensor output change rate ATPS from the previous cycle to the 
present cycle. Next, to decide whether the rough road judgment is to be started or not, the processor 1 1 decides whether 
the sign of sensor output change rate ATPS has been reversed or not, that is, whether the value ATPS has changed 
from positive to negative or from negative to positive (Step S208). Preferably, to provide this decision with a hysteresis 
characteristic, the processor 1 1 decides that the sign of the sensor output change rate ATPS has been reversed when 
the sign has changed from positive to negative or from negative to positive while the value ATPS changes over a range 
beyond the predetermined threshold. 

If it is decided in Step S208 that the sign of the sensor output change rate ATPS is not reversed, the processor 1 1 
compares the elapsed time TIM15 from the misfire detection time, which is counted by a fifth timer restarted in the 
manner as described later when the occurrence of misfire is detected, with a sixth set time TH T15 representing the 
prohibition time of the calculation and renewal of correction factor from the time of misfire detection, to decide whether 
the calculation of correction factor is required or not (Step S209 (corresponding to Step S108 in Fig. 11)). If it is decided 
in Step S209 that the elapsed time TIM15 is equal to or more than the set value TH T15 and the prohibition time of the 
calculation and renewal of correction factor has already elapsed, the processor 1 1 sequentially executes the correction 
factor calculation step S210, the average angular acceleration calculation step S211, and the misfire detection step 
S212, which correspond to Steps S20 and S24 in Fig. 5 and Step S25 in Fig. 6, respectively. If it is decided in Step S209 
that the elapsed time TIM15 is less than the set value TH T15 and the prohibition time of the calculation and renewal of 
correction factor has not yet elapsed, the processor 1 1 immediately goes to the angular acceleration calculation step 
S21 1 without executing the calculation and renewal of correction factor in Step S210. 

If it is decided in Step S21 2 that the calculated angular acceleration Do^ in the present cycle is less than the decision 
value and misfire occurs in the cylinder determined in Step S201 in the present cycle, the processor 1 1 turns on the 
alarm lamp 60 (Step S21 3), stores the misfiring cylinder (Step S21 4), and restarts the fifth timer for counting the elapsed 
time TIM15 from the time when misfire is detected (Step S215). Then, the processor 1 1 terminates the detecting oper- 
ation in the present cycle. If it is decided in Step S2 1 2 that misfire does not occur in the determined cylinder, the processor 
1 1 turns off the alarm lamp 60 (Step S216), and terminates the detecting operation in the present cycle. 

If it is decided in Step S208 that the sign of the throttle position sensor output change rate ATPS has been reversed, 
the processor 1 1 adds the value "1" to the count value COUNT of a rough road deciding counter (not shown) to start 
the rough road decision (Step S217), and restarts a fourth timer (not shown) for counting the elapsed time TIM14 from 
the moment when the rough road judgment is started (Step S218). Then, the processor 1 1 sets the flag F RR to "1" 
representing that rough road judgment is being performed (Step S219), and terminates the detecting operation in the 
present cycle. 

In the detection cycle which is started immediately after the value of flag F RR is set to "1 if it is decided in Step 
S207 that the value of flag F RR is not "0", the processor 11 compares the elapsed time TIM14 from the time when the 
rough road judgment is started with a fifth set value TH T14 representing the rough road judgment time (Step S221). If it 
is decided in Step S221 that the elapsed time TIM14 is less than the set value TH T14 and the rough road judgment time 
has not yet elapsed, the processor 1 1 decides whether the sign of the throttle position sensor output change rate ATPS 
has been reversed or not (Step S222). If the sign of the value ATPS has not been reversed, the processor 1 1 terminates 
the detecting operation in the present cycle. If the sign of the value ATPS has been reversed, the processor 1 1 adds 
the value T to the count value COUNT of the rough road deciding counter (Step S223), and then compares the renewed 
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count value COUNT with a s^H^i set value TH RR corresponding to the number reversals of the sensor output 
change rate ATPS, which rep^Knts that the vehicle is running on a rough road <^|rS224). 

If it is decided in Step S224 that the count value COUNT is less than the set value TH RR and it can not ascertained 
that the vehicle is running on a rough road, the processor 1 1 terminates the detecting operation in the present cycle. If 
it is decided in Step S224 that the count value COUNT is equal to or more than the set value TH RR , the processor 1 1 
decides that alternate operations of depressing and releasing of accelerator pedal have already been performed pre- 
determined times; therefore, the vehicle is running on a rough road. When the rough road running is decided in such a 
manner, the processor 1 1 restarts the third timer for counting the elapsed time TIM 13 from the moment when the rough 
road running is decided (Step S225), resets the flag F RR to "0" representing that rough road judgment is not being 
performed (Step S226), and further resets the count value COUNT of the rough road deciding counter to "0" (Step S227). 

If it is decided in Step S221 that the elapsed time TIM14 from the moment when the rough road running judgment 
is started is equal to or more than the set value TH T14 , the processor 1 1 decides that it is not necessary to continue 
judging whether the vehicle is running on a rough road or not. In this case, the processor 1 1 resets the value of flag F RR 
to "0" representing that rough road running judgment is not being performed (Step S228), resets the count value COUNT 
of the rough road deciding counter to "0" (Step S229), and terminates the detecting operation in the present cycle. 

TTie present invention is not limited to the above first to fourth embodiments, and various modifications can be made. 

For example, although the case where the present invention is applied to a 6-cylinder engine was explained in the 
above embodiments, the present invention can be applied to various types of engines including a 4-cylinder engine.. 

In the second through fourth embodiments described above, the calculation and renewal of correction factor were 
prohibited in the condition where the engine was in decelerating operation or in other conditions. However, this prohibition 
is not essential in carrying out the method of the present invention. Even in the condition where the engine is in decel- 
erating operation or in other conditions, both of the calculation and renewal of correction factor may be allowed as with 
the first embodiment, or only the calculation of correction factor may be allowed. 

In the second embodiment described above, a separate and independent correction factor was used for each of a 
plurality of engine operating regions which were classified in advance, the magnitude of correction factor was regulated, 
and the calculated correction factor was stored in memory to reuse it at engine start. However, none of them is indis- 
pensable in carrying out the present invention. On the other hand, the first, the third and/or the fourth embodiment can 
be modified so that the correction factor for each engine operating region is used, the correction factor is regulated, 
and/or the calculated correction factor is stored in memory. Further, in the second embodiment, when the calculated 
correction factor exceeded the maximum value of correction factor, the maximum value was used in place of the calcu- 
lated correction factor. However, when the calculated correction factor is less than the minimum value of correction factor, 
the minimum value may be used in place of the calculated value, or when the calculated value deviates from the allowable 
range of correction factor, a suitable value, for example/corresponding to one of the maximum and minimum values of 
correction factor may be used in place of the calculated value. 

In the third and fourth embodiments described above, the continuation or start of decelerating operating condition 
was detected on the basis of the volumetric efficiency t|v or the throttle position sensor output change rate ATPS, and 
it was decided that gear shift was being performed until a predetermined time elapsed after the engine left the deceler- 
ating operating condition. Further, it was decided that the vehicle was running on a rough road when the angular accel- 
eration exceeded the rough road decision level after the misfire condition was once detected, or when the sign of the 
sensor output change rate ATPS was reversed (the accelerator pedal was depressed or released) predetermined times. 
However, the decelerating operation, gear shift, and rough road running can be detected by various methods. For exam- 
ple, the decelerating operating condition can be detected on the basis of the degree of opening of throttle valve, the 
amount of suction air, etc. Also, the rough road running can be detected on the basis of the front and rear wheel speeds, 
the vehicle body acceleration, etc. Particularly in the fourth embodiment described above, the start of decelerating oper- 
ation was determined on the basis of the throttle position sensor output change rate ATPS, and after this determination, 
the detection of misfire and the calculation and renewal of correction factor were prohibited by judging that there was a 
high possibility of continuation of decelerating operation (or there was a high possibility of mistaken detection of misfire 
on the basis of decelerating operation, or the effect due to gear shift remains) during the set time (that is, until the elapsed 
time TIM13 counted by the third timer exceeded the set value). However, in determining the start of decelerating oper- 
ation, it may be detected that the change rate Atjv of the volumetric efficiency T|v determined from the air flow sensor 
output or the like is less than the set value in place of or in addition to the determination of throttle position sensor output 
change rate ATPS. Or, it may be detected that the suction air pressure P B determined from the boost sensor output or 
the like is less than the set value. 

Claims 

1 . A method for detecting misfire by fluctuation in crankshaft rotation, in which a time interval from a time point, detected 
by a crank angle sensor, of entering into a crankshaft rotation angle region corresponding to a particular stroke 
phase of each cylinder of an internal combustion engine to a time point, detected by the crank angle sensor, of 
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leaving the angle region is seque^kj detected; a correction factor for compensating^^Wror of the crank angle 
sensor is repeatedly calculated an^Bewed, on the basis of the time interval, for an ocHsion to detect an occur- 
rence of misfire by using rotation information, obtained from the time interval, of the internal combustion engine; the 
rotation information of the internal combustion engine is corrected by using said correction factor; and the occurrence 
of misfire is detected based on said corrected rotation information of the internal combustion engine, the method 
for detecting misfire comprising the steps of: calculating a separate and independent correction factor for each of a 
plurality of operating regions classified by at least one predetermined operation parameter of the internal combustion 
engine; renewing the correction factor for a present operating region each time the present operating region is 
determined; and prohibiting the renewal of the correction factor for an operating region other than said present 
operating region. 

2. A method for detecting misfire by fluctuation in crankshaft rotation according to claim 1 , wherein the or a said pre- 
determined operation parameter is a rotation speed of the internal combustion engine. 

3. A method for detecting misfire by fluctuation in crankshaft rotation according to claim 1 or claim 2, wherein the or a 
said predetermined operation parameter is a volumetric efficiency of the internal combustion engine. 

4. A method for detecting misfire by fluctuation in crankshaft rotation according to any one of claims 1 to 3, wherein 
said rotation information of the internal combustion engine is an average angular acceleration of the crankshaft. 

5. A method for detecting misfire by fluctuation in crankshaft rotation according to claim 4, wherein said correction 
factor is repeatedly calculated based on the time interval detected sequentially during operation of the internal 
combustion engine to renew said correction factor; an average angular velocity of the crankshaft is sequentially 
determined based on the time interval; and an average angular acceleration is sequentially calculated based on the 
time interval, said average angular velocity, and said correction factor. 

6. A method for detecting misfire by fluctuation in crankshaft rotation according to any one of claims 1 to 5, wherein 
said correction factor is repeatedly calculated based on the time interval sequentially detected during operation of 
the internal combustion engine to renew said correction factor, whereas a maximum or minimum value corresponding 
to a predetermined allowable range is used as said correction factor in place of said calculated correction factor 
when said calculated correction factor deviates from said allowable range. 

7. A method for detecting misfire by fluctuation in crankshaft rotation according to claim 6, wherein the upper and lower 
limit values of said allowable range correspond to a maximum allowable error in the construction of the crank angle 
sensor. 

8. A method for detecting misfire by fluctuation in crankshaft rotation according to any one of claims 1 to 7, wherein 
said calculated correction factor is stored in a nonvolatile memory, and said correction factor read from said non- 
volatile memory is used as an initial value of said correction factor when the internal combustion engine is started. 

9. A method for detecting misfire by fluctuation in crankshaft rotation according to any one of claims 1 to 8, including 
the steps of: using as the crank angle sensor a sensor comprising a rotatable body that in operation rotates together 
with the crankshaft, a plurality of discriminating means installed at intervals in a circumferential direction on said 
rotatable body to discriminate between the entering time point and the leaving time point, and a detecting portion 
disposed on a fixed member of the internal combustion engine and operable to generate a detection signal each 
time each of said discriminating means approaches said detecting portion, said discriminating means including first 
and second discriminating means for each cylinder; detecting the time interval by counting an interval between a 
first detection signal generated by the approach of the first discriminating means to said detecting portion and a 
second detection signal generated by the approach of the second discriminating means to said detecting portion; 
and determining said correction factor based on the time interval and a rotation period of the crankshaft including 
at least one of time points of occurrences of said first and second detection signals used for the detection of the 
time interval. 

10. A method according to claim 9 for detecting misfire by fluctuation in crankshaft rotation in a multi-cylinder internal 
combustion engine in which a plurality of cylinders are subjected to explosion strokes sequentially at equal intervals 
during the rotation of the crankshaft, which method uses the crank angle sensor so designed that the second dis- 
criminating means for each cylinder functions as said first discriminating means for the next cylinder which is suc- 
ceedingly subjected to explosion stroke. 




11. 




;laim 9 or claim 10, wherein a 
ted time interval and the rotation 



period of the crankshaft during operation of the internal combustion engine is smoothed, and the rotation information 
of the internal combustion engine is corrected by using the smoothed value. 

1 2. A method for detecting misfire by fluctuation in crankshaft rotation according to any one of claims 9 to 1 1 , wherein 
said correction factor is repeatedly calculated based on the time interval detected sequentially during operation of 
the internal combustion engine to renew said correction factor, and a latest correction factor KLm(n) is calculated 
by using equations 



where TM(n) is said latest detected time interval, A is an installed number of the discriminating means installed on 
said rotating body, T(n) is a latest rotation period of the crankshaft, KLm(n-1) is a previously calculated correction 
factor, and a (0 ^a ^1) is a weighting factor. 



KLm(n) = a . KLm(n-1) + (1-a) . KLm 



and 



KLm = {A . Tm(n)} / T(n) 
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